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Quid refert igttur, quantis jumenta Gadget 
Porticibus ■ 

And both together, the ufe and deftination of the 
building, which is the fubjed of our Infcription, 
basilica (i.e. porticus) eqvestris exercitato- 

RIA. 

As the Roman affairs in Britain are little known 
under this emperor ; one only Infcription befides, as 
I obferved, either bearing his name, or referring to 
his age, thefe notices may poffibly be more wel- 
come. And what makes the firft Infcription more 
fo, is the mention of a new Legate, or lieutenant and 
pro-praetor, Valerianus, in this province, never taken 
notice of before, A copper Infcription lately difco- 
vered in the eftate of the D. of Norfolk in Yorkshire, 
and now in his Grace's pofleffion, affords us another, 
and that a very remarkable perfonage, under the em- 
peror Hadrian, and one much known in the Roman 
hiftory. 

What was the prasnomen of this Legate, 1. 9. is 
a matter of farther enquiry. 



XXIX. A Method of lejfening the Quantity 
of Fri&ion in Engines^ by Keane Fitzgerald, 
Efqi F. R. S. 

ReadMayi2, Tt vTECHANICS, or that branch of 
ln ' X V X mathematics which confiders mo- 
tions and moving powers, their nature and laws, is 
properly diftingufhed into rational, and practical. 

U 2 A know- 
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A knowledge in rational mechanics, which com- 
prehends the whole theory of motion, upon which 
natural philofophy fo greatly depends, is chiefly con- 
fined to the learned 5 and the proper conftrudion of 
engines and machines, which is the principal objed 
of pradical mechanics, altho' fo very neceflary to carry 
on the feverai branches of hqfbandry, manufadure, 
and commerce, upon which, the riches and power 
of a nation depend in a great meafure, is feldom at- 
tended to, but by the meer handicraftfman $ who is 
little acquainted with the principles he works on, and 
from whom no great improvements can well be ex- 
peded ; yet it has happened fometimes, that excellent 
contrivances have been invented, for raifing heavy 
weights and overcoming their refiftances, by perfons 
who never took the trouble of examining into the 
caufe of gravity. 

As this branch is certainly moft ufefulto mankind, 
and a knowledge in it, generally deemed one of the 
marks by which a civilized nation is diftinguifhed from 
barbarians, one would imagine, it ihiould have in- 
duced a greater attention to improvements in it, than 
has been generally fcund; But it often happens that 
mechanical powers, feemingly demonftrable in theory, 
are found very deficient in operation, from unexpected 
obftrudions $ which, with the expence and trouble 
that generally attend the reducing fpeculations of this 
nature into pradice, have probably been the greateft 
obftacles to improvements in it. 

One of the greateft obftrudions to the mechanical 
powers of engines proceeds from the fridion, or 
refiftance of the parts rubbing on each other* 
which in general, is greater, or lefs, as the rubbing 

parts 



parts bear tlie greater, or lefs prefllire j and yet this 
obftrudtion is but little attended to. The theorift 
makes no allowance on account of friction ; and the 
practical mechanician, who feels the effe&s, yet, as 
if unavoidable, feldom takes the trouble of fearching 
for a lemedy. 

Amongft the few who have endeavoured to afcer- 
tain the quantity of fri&ion proceeding from weight, 
fome have deemed it equal to 4., others to 4, and 
others more, or lefs, according to their different me- 
thods, or accuracy in making experiments. Dodtor 
Defaguillers gives an account of fome experiments, 
which fhew the quantity of fri&ion in a cylinder, to 
be equal to 4. of the power required to move it, 
when the furface of the cylinder moves as faft as 
the power. 

In order to examine the quantities of* fri&ion pro- 
ceeding from different weights, I had an exa<3 bal- 
lance made, which weighed 27 ounces; the pevets 
of the axis were 4, inch diameter, and turned in brafs 
fockets, fixed in a frame for the purpofe. 

Seven pound fufpended on each arm, at 18 inches 
diftance from the center, required 1 i. ounce, 2 penny 
weight, to be applied to either end, to overcome the 
refinance from fridtion in the flighteft degree 5 and 3 
ounces to carry it down 2 inches. 

Fourteen pound, applied in the fame manner, re- 
quired 34 ounces to move the balance; and 64 ounces 
to fink either end 2 inches. 

Twenty one pound required 44 ounces to give it the 
teaft* motion, and 74 ounces to fink it about 2 inches. 

Seven pound, fufpended on each arm at 9 inches 
diftance from the center, required 3 ounces and JJ, to 
move either end in the leaft degree. 

Fourteen 
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Fourteen pound required 6^ ounces j and 2 1 pound 
required 94 ounces. 

I placed another axis in the fame ballance, the pevets 
of which were 1 inch diameter, and fufpended 7 pound 
on each arm at 18 inches diftance from the center, 
which required 34 ounces to be applied to either 
end, to overcome the refiftance from fri&ion j and then 
that end funk near 2 inches. 

Fourteen pound, applied in the fame manner, re* 
quired 74. ounces, which carried that end down fornc^ 
what more than 2 inches. 

Twenty one pound required 1 14. ounces, and funk 
either end 24. inches. 

Seven pound, fufpended on each arm at nine inches 
diftance from the center, required 74. ounces to move 
either end. — Fourteen pound required 14 ounces, and 
2 1 pound required 20 4 ounces. 

On repeating thefe experiments, there was little or 
no variation 5 and altho the feveral powers, required to 
overcome the refiftance from fri&ion, do not cor- 
refpond exadly in proportion to the feveral weights 
and diftances; yet it appears, that the leaft power 
required, was equal to 4. the Weight on the pevets * and 
that it required a power nearly equal to the whole 
weight, to overcome the refiftance from fri&ion, with 
but a fmall degree of velocity. But it does not fol- 
low, that the extraordinary power, feemingly required 
to overcome the fri&ion with this degree of velocity, 
is to be attributed entirely to that caufe, as part of it 
is neceffary to raife the oppofite weight with the fame 
degree of velocity, tho* fome part of it certainly is. 
For when there is little or noobftruaionfromfriaion, 

a power 
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a power of one ounce, more than what is juft ne- 
ceffary to counterbalance a weight of 7 pound, will 
raife it with as great a degree of velocity, as 2 ounces 
over and above what is juft neceffary to overcome the 
refiftance from friftion. So that it muft require an ad- 
ditional power in proportion, to overcome the refiftance 
from fri&ion, with the fame degree of velocity, that 
it may be neceffary to raife the weight. 

It is not imagined that thefe experiments fhould 
determine the exa<ft quantity of fridion proceeding 
generally from weight, or preflbre j which probably 
can never be afcertained by any experiments, however 
accurate ; for even in engines of equal dimenfions, and 
loaded with equal weights, the quantities of fridtion 
may be very unequal, from circumftances differing, 
which are fometimes imperceptible •, fuch as the firm- 
nefs, elafticity, roundnefs and fmoothnefs of the parts 
rubbing on each other ; particularly the roundnefs, and 
fmoothnefs of the gudgeons, or pevets, which, in large 
engines, are feldom turned true, or poliftied. But it ap- 
pears from thefe experiments, that the quantity of fric- 
tion in large engines may reafonably be eftimated at 4. 
the weight, or preffure, on the rubbing parts; all 
though in fuch as are fmall, and finifhed with exadt- 
nefs, the quantity may probably be about 4, 

It is evident that the quantity of fridtion in any 
engine, is equal in its oppofition to a certain portion 
of weight, or preffure on the parts rubbing on a 
dead furface. And, altho' gravity is an adtive 
principle always tending to a center, and fridtion, 
a kind of vis inertias in oppofition to motion, yet it 
may be confidered mechanically as fo much weight 
which requires a power to overcome its refiftance, in 

a ratio 
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a ratio of the velocity of the power, to the velocity 
of the part rubbing on a dead furface j as in the axis 
in peritrochio, Tab. XII. Fig. i. If the wheel A be 20 
feet diameter, the axis B 1 foot diameter, the pevets 
fof the axis B 4 inches diameter, and the weight C 
to be raifed by the axis B, 12 tons or 24,000 
pounds 

The power D, in the wheel A, with refpedt to the 
weight C to be raifed on the axis B, is required in a ratio 
of the femidiameter of the wheel A to the femidiame- 
ter of the axis B, which is %? 5 therefore the power D=: 
1200 pound is fufficient to counterballance the weight 
C, and the leaft additional power would raife it, if there 
were noobftru&ion. But the quantity of fridtion in the 
pevets f, fuppofed equal to 4. the weight or preffure 
on that part, requires an additional power in the wheel 
A to overcome its refiftance, in a ratio of the femidia- 
meter of the wheel A, to the femidiameter of the pevets 
f % or of the velocity of the power in the wheel A, to 
the velocity of the part rubbing on a dead furface in 
the pevets ^ which are V- And as the weight of 
the wheel A, fuppofed 1500 pound, alfo the power D 
1200 pound, required to counterballance the weight 
C 24,000 pound, in all 26,700 pound; center in the 
pevets f> the quantity of friction in the pevets f % 
being equal to 4. the weight, or 13,350 pound hang- 
ing on them, will require a power in the wheel A 
fomewhat more than 2204. pound to overcome its 
refiftance. And as this additional power E 220 4. 
pounds caufes an additional fri£tionr=:i 10 ^ pounds, 
it alfo requires a further power K =r 1 \. pounds to 
overcome its refiftance; but the quantity of fridion 
proceeding from thence, need not be eftimated in- a 
calculation of this nature. 

As 
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As the power E, in the wheel A, with refped to 
Fridion in the pevets f 9 is in a ratio of the femidia- 
meter of the wheel A to the femidiameter of the pe- 
vetf, it is evident, that, by enlarging the diameter of 
the wheel A, or reducing the diameter of the pevets 
/, the power over fridion will be increafed in pro- 
portion j but whatever power is gained by enlarging 
the diameter of the wheel A, will be loft equally 
in time, or velocity, with refped to the weight C to 
be raifed $ and altho* there will be no lofs In time, or 
velocity, by reducing the diameter of the pevets f\ 
yet this cannot be done beyond the proper degree of 
ftrength required to fuftain the weight C &c. 

As it alfo appears that the power E with refped to 
fridion in the pevets f % is in a ratio of its velocity 
to the velocity of the pevet f rubbing on a dead fur- 
face, it follows, that if the velocity of the part rub- 
bing on a dead furface can be decreafed, whilfl: the 
velocity of the power D continues in the fame ratio, 
with refped to the weight C to be raifed on the axis 
B 5 the power E over fridion, will be increafed in 
proportion, without any lofs in time or velocity, as to 
the weight C to be raifed $ which may be effeded in 
the following manner, and the quantity of fridion re- 
duced to any degree that may be required. 

Fig, 2. Let the pevets f of the wheel A, turn on the 
peripheries of the wheels G. G. 3 feet diameter, whofe 
pevets g f g, are 1 inch diameter, and the whole fric- 
tion will be transferred from the pevets J] to the 
pevets g f which will then be the only parts rubbing on 
a dead furface, by which means the velocity of the 
power in the wheel A, to the velocity of the pevets g, 
will be in a ratio of * 1.5 °- F° r as the pevets /; 4 
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inches diameter, turn on the peripheries of the wheels 
G, 3 feet diameter, 9 revolutions of the pevets Jl 
are equal to 1 revolution of the wheels G; and the 
circumference of the pevets f, being 4 times the 
circumference of the pevets g, the fpace the pevets/, 
would have rubbed on a dead furface in one revolution, 
is equal to the fpace the pevets g rub on a dead fur- 
face in 36 revolutions of the pevets f\ therefore the 
velocity of the pevets /, being *. 6 to velocity of the 
pevets g> and the velocity of the power D in the 
wheel A being V° t0 ^ e velocity of the pevets f> 
the velocity of the power D, to the volocity of the 

pevets g, is *? x V = *V *• So that WW of 
13250 pound, which was the weight equal to the 
quantity of fri&ion in the pevets f- y or a power 
fomewhat more than 6 pound 2 ounces in the wheel 
A, will be fufficient to overcome the refinance from 
fridtion in the pevets g+ 

To reduce this quantity of fri&ion to a lefs degree, 
let each of the pevets g> be placed on the peripheries 
of the wheels H, 2 feet diameter, whofe pevets h 
are ^ inch diameter ; and the whole fri&ion will then 
be transferred from the pevets g, to the pevets h\ by 
which the velocity of the power in the wheel* A, to 
the velocity of the part rubbing on a dead furface, in 
the pevets f, will be in a ratio of * ° y 6 °. For the 
circumference of the pevet g, being ^ T of the cir- 
cumference of the wheel H, on which it turns, makes 
24 revolutions, for r of the pevet h. ^ And the cir- 
cumference of the pevet g % being 4 times the cir- 
cumference of the pevet b, the fpace the pevet g 
would have rubbed on a dead furface in 1 revolution, 
is equal to the fpace the pevet b rubs in 96 revolutions j 

therefore 
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therefore the velocity of the pevet g, to the velocity 
of the pevet h, is \ 6 . And as it appears that the 
velocity of the power in the wheel A, is in a ratio of 
* %? ° to the velocity of the pevet g ; confequently its 
velocity to that of the pevet b, is % %? ° X V ==* ° V 6 ° • 
So that T ^ rT , TTV of 13,250 pound the quantity of 
weight deemed equal to the fridion originally in the 
pevets/, or a power E fomewhat more than 2 ounces, 
will be fufficient to overcome the fridion in the 
pevets h. 

Thus it is evident, that, by the application of addi- 
tional wheels, or by enlarging the diameters of 
thefe, the refiftance from fridion may be reduced 
to lefs than the refiftance of the medium the wheel 
pafles through. 

The whole weight which centers in the axis of the 
wheel A, being equally divided on the pevets f> and 
further fubdivided on 32 pevets h % the weight on 
each of thefe pevets, being but JL. of the weight on 
each of the pevets/, does not require more than ^\ of 
its ftrength. And as the quantity of fridion in each 
of the pevets h is in proportion to the weight or pref- 
fureit bears, thefumofthe feveral quantities of fric- 
tion in the 32 pevets h> is equal to the quantity of 
fridion that was originally in the 2 pevets jfc in pro- 
portion to their velocities. 

There is alfo fome additional fridion in the pevets b % 
on account of the weight of the wheels G and H j but, 
with refped to the power in the wheel A, it is not of 
confequenceto require a calculation. 

There is no engine for raifing heavy weights, that 
has lefs fridion than the axis in peritrochio. If the 
fame weight were to be raifed by 2 wheels, one mul- 
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tiplying the other $ the power in the firft wheel, being* 
in a ratio of 4. to the weight to be raifed, and s f- to 
the fridion in its pevets ; and the power of the fe- 
cond wheel in a ratio of ± to the weight, and 4- to 
the friction in its pevets $ which powers are the fame 
as in the wheel A, viz. y w^k refped to- the weighty 
and -f- with refped to the fridion ; although the 
powers required to counterbalance the weight on the 
axis, are equal in each $ yet it would require a power 
above 733 pound to overcome the refiftance from 
fridion in this engine, which is nearly treble the 
power required to overcome the fridion in the wheel 
A, on account of four pevets rubbing on a dead 
furface in one, and but two pevets in the other. 

By reducing the fridion in the pevets of this en- 
gine, in the fame manner as in the pevets of the 
wheel A, the power 733 pound, which is required 
meerly on account of fridion, may be applied to 
raife an additional weight of 14,650 pound, without 
any diminution in point of time, or velocity, with 
reaped to the weight to be raifed ; which at firft view 
may feem contrary to the general principle, that 
whatever power is gained mechanically over weight, 
is loft equally in point of time, and velocity ; and is 
fo in reality, with refped to pradical mechanifm y 
For the faving a power, otherwife, hitherto, found 
necefiary to overcome the refiftance from fridion, 
and applying it to the ufeful purpofe of raifing a 
greater quantity of weight, in equal time, is, in ef~ 
fed, equal to an acquifition of fo much power. 

If thefe wheels are made with tolerable exadnefs, 
and placed, as in the drawing, on a line oppofite to the 
point of prefTure of the pevets they fupport, the 

preffure 
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preffure will be equal on each wheel -, and the greater 
the preffure, the more fecurely they are kept in their 
proper places. I have a double fet of brafs wheels, 
8 inches diameter, with which I have made feveral 
experiments, and find the practice anfwer as near as 
poffible to the theory. But as the expence of brafs 
wheels, to large engines, would be very considerable, 
I had wheels made of wood, which I find to anfwer 
the purpofe as well, if not better *, as they are much 
lighter, and may be made ftrong enough to fupport 
a great weight, at a moderate expence. 

The wooden wheels are fixed on an arbour, whofe 
pevets have been turned true, and the cdgo of the 
wheel turned after it is fixed on the arbour. Thefe 
wheels are placed in a wooden frame, with a fmall 
plate of brafs fixed properly in the frame, for the 
pevets to turn in. They may be made with fpokes, 
and fellies, capable of fuftaining a confiderable weight; 
and there is no danger of their wearing, as the pevet 
only rolls on the edge. I had wheels made of white 
deal, with feveral lamina glewed together, croffing 
each other in different dire&ions of the grain of the 
wood, which hinders them from warping, or crack- 
ing ; and which I found, upon trial, anfwered ex- 
tremely well. By croffing the grain of the wood, 
the oppofition to the preffure on the periphery is pret- 
ty equal in all parts % and the edge of the wheel, in a 
little time, becomes as fmooth, and almoft as hard as 
brafs. 

Thefe wheels cannot be applied to wheel carriages, 
unlefs they were to move on very even ground, as 
fudden jerks, and turnings, would foon diforder 
them. But they may certainly be employed to ad- 
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vantage in all fixed engines, that are loaded with 
heavy weights ; efpecially when the power that ope- 
rates is expenfive, as men, horfes, fire, &c. And in 
finer kind of engines, where it may be neceffary 
to avoid any obftru&ion from friction as much as pof- 
fible, the double, or treble wheels, where there is fuf- 
ficient room, will reduce the quantity to any degree 
that can well be required. 

Another advantage alfo arifes from the application 
of thefe kind of wheels, that, if the motion is requir- 
ed to be extremely fwift, though the pevets be as 
fmall as the weight they fuftain can allow of, yet 
they fcarce ever wear the holes they turn in ; for the 
laft pevets in a treble fet of wheels, which are the 
only ones that rub on a dead furface, will hardly 
make one revolution in two days. 

There are feveral engines to which thefe wheels 
might be applied to advantage, even where the act- 
ing power cofts nothing ; as watermills, where water 
is not always to be had plenty, which, by this means, 
would grind with much lefs water. Windmills, par- 
ticularly, muft receive great benefit from them 5 the 
(haft being fo large, the quantity of fridtion, which 
is in proportion to the part rubbing on a dead furface, 
muft be greater in this, than moft other engines 5 be- 
fides, the rubbing part being wood, muft ftill in- 
creafe the quantity : I fhould therefore imagine, that, 
if the fhaft were placed on wheels 5, or 6 feet dia- 
meter, it would not require above half the ftrength 
of wind, neceffary at prefent. The frame in which 
thefe wheels might be placed, could eafily be made 
in fuch a manner, as to be lowered, or raifed 5 fo 
that if any inconvenience were found from too great 

velocity 
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velocity, when the wind increafed, the fhaft might 
then be let to turn in the ufual manner. But there 
would be no danger of the fhaft taking fire by any 
degree of velocity, whilft it turned on thefe wheels, 
as it would not then rub at all. 

There have been many ingenious attempts, and 
fome confiderable improvements made, with refpedt 
to the faving of fuel neceflary to work a fire engine, 
which is an article of great expence : but I do not 
find the diminution of fridlion has been confidered 
as any ways material in this point, although it muft 
neceflarily reduce the quantity of fuel in proportion. 

The power of a fire engine is eftimated by the di- 
ameter of the cylinder and pifton ; on which the at- 
mofphere prefles, when there is a vacuum made by 
the condenfation of the fleam with which the cylin- 
der has been filled. This power, or preffure, is 
deemed equal to 15 pound per inch fquare on a me- 
dium : but I fhoulcl imagine, that the fteam, with 
which the cylinder is filled, being water expanded 
into 4000 times it's bulk by the adtion of fire, when 
reduced to its original ftate by a ftrong inje&ion of 
cold water dafhing againft the bottom of the pifton, 
and mixing with it, muft occupy fuch a fpace in the 
cylinder, as to hinder a perfect vacuum, which ap- 
pears, in fome meafure, from the efFe&s; for the 
power of the atmofphere on a fire-engine is feldom 
found to raife 7 pound per inch, and it can hardly 
require 8 pound per inch to overcome the fridion of 
the feverai parts of the engine, and alfo to give a 
proper degree of velocity to the leaver. 

The fridlion of the pifton moving up and down in 
the cylinder, and of the forcers or working rods, is 

in 
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in proportion to the diameter of the cylinders they 
work in. That of the plug frame, which is a piece 
of timber moved by the leaver through a wooden 
groove, by which the fteam valve, and injedion cock 
are opened and /hut alternately, is pretty confidera- 
ble; but the quantity proceeding from the feverai 
parts cannot be eftimated with any tolerable degree 
of precifion. 

The whole weight to be raifed, as alfo the fuperi- 
or power by which it is raifed, center in the pevets 
of the axis of the great leaver, and the quantity of 
fridion in the pevets, may be deemed equal to half 
fo much weight hanging on them. 

In order to form fome eftimate of the quantity of 
weight with which the axis of the leaver of a fire- 
engine is loaded, I took the dimenfions of the feve- 
rai parts of that at the York-Buildings water- works ; 
the leaver of which is 27 feet long, 2 feet 6 inches 
by 2 feet 2 inches in the middle, and 2 feet by 22 
inches at the ends. The weight of which, with the 
archeads, chain, rods, and working frame hanging 
at one end, and the pifton and chain at the other, 
may be computed at 6 tons, pr 12,000 pound. The 
cylinder is 45 inches diameter, about 1591 fquare 
inches ; which, at 1 5 pound per inch preffure of the 
atmofphere, is 22,274 pound. The pillar of water 
to be raifed is 10,060 pound, which is not 6 i. pound 
per inch} fo that the remainder of the power is em~ 
ployed in overcoming the refiftance from fridion in 
the feverai parts of the engine, and giving the leaver 
a degree of velocity equal to 120 feet per minute, 
which it moved in common work. 

The 
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The weight of the power, of prefiure, of the at- 
mofphere taken at 14 pound per inch fquare, 
22,274 pound, with the pillar of water 10,060 
pound, and alfo of the leaver, &c. 12,000 pound; 
amounting in the whole to about 22 tons, center in 
the axis of the leaver. The quantity of fri&ion re- 
fulting from this weight, fuppofed equal to half, or 
11 tons, hanging on the pevets 6 inches diameter, 
the leaver being 27 feet long, requires a power at ei- 
ther end = 425 pound to overcome its refiftance in 
the leaft degree, and muft ftill require a further 
power to overcome the fri&ion of the other parts of 
the engine, and give the leaver a degree of velocity 
:= 120 feet per minute. 

Before I give an account of the method I took to 
reduce the quantity of fri&ion in the pevets, it may 
be proper to mention a general error in the manner 
of placing the axis of the leaver under the beam, 
A bailance, having its center of motion underneath, 
and equal weights at each end, being placed horizon- 
tally, will remain in that pofition j as both weights 
are equidiftant from the center of gravity, which is 
perpendicular to the center of motion $ but when it 
is made to incline to either fide, it will continue to 
move on that fide, untill it becomes parallel to the 
horizon, with the center of motion above the bai- 
lance : for when either end is depreffed in the leaft 
degree, as in fig. 3, it becomes more diftant from 
the center of gravity 5 and the oppofite end which is 
raifed in proportion, is brought nearer to it, although 
both ends ftill continue equidiftant from the center 
of motion* 

Vol. LIII. y Fig. 
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Fig. 3, The lever A of this engine is 2 feet 9 
inches from the upper part pf the beam, to the cen- 
ter of it's axis B placed underneath) and weighs, 
with it's arch-heads, about 5 tons. When it was placed 
in a horizontal pofition, it required but 934. pound 
to overcome the refiftance from fridion in the pevets^ 
but when either end was depreffed 4 feet below the 
level, at which diftance the fprings are fixed, it re- 
quired 534 pound to be applied to the oppofite end 
to bring it back again : fo that a power ==4404. was 
required, on account of the center of gravity being 
fo much changed by the pofition of the axis under- 
neath. 

Fig. 4, To avoid this general error, I had the axis 
B placed on the upper fide of the leaver, and fixed 
by proper bolts ajad fcrews to a bar of iroii equally 
jftrong, placed underneath : and, in order to reduce 
the quantity of fridion, which is in proportion to the 
fpace rubbing on a dead furface in equal time, T had 
them made in the form b B, fig. 4, by which they 
are equally ftrong, though the rubbing part £, is but 
1 JL diameter ; fo that by changing only the form of 
the pevets, the fridion is reduced to 4, of it's origi- 
nal quantity. I applied two quadrants, D D, to each 
of thefe pevets, whofe radii are 2 feet 6 inches, by 
which the whole fridion of the pevets b of the axis 
of the leaver, are transferred to the pevets d of the 
quadrants, which are iJL inch diameter. Thefe qua- 
drants are equal in effed to wheels 5 feet diameter; 
the radius of which is 4 ,° to the femidiameter of its pe- 
vet, and reduce the fridion in the pevets of the qua- 
drants to -IJ h part of what it was in the pevets b of the 
axis % which x by 4. the reduction made by changing 
the form of the pevets = ~4° : by which means the 

fridion 
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fri6tion.that.was in the pevets B, fig. 3. of the great 
axis, which was = 425 pound, is reduced to T £ T , 
or fomewhat lefs than 2*. pound. 

Upon trial, the leaver, that before required a power 
of 95 pound to overcome the leaft refiftance from 
fridtion, was as eafily efFedted by the application of 
J*, pound ; and the refiftance from fridtion occafioned 
by a weight of 6 tons is of fo little confequence, 
that the leaver may be fwung with a flight thread, 
and will continue in a ftate of vibration for feveral mi- 
nutes after. 

The original quantity of fridtion in the pevets B 
of the leaver A, fig. 3/ which, when loaded with it's 
full weight 22 tons, required a power = 425 pound 
to overcome it's refiftance, is by this method reduced 
to 2 pound 10 ounces; and, if there were any need 
of reducing it further, it might be done by applying 
two fmall quadrants to each pevet of the larger, 
which would reduce it to one ounce or lefs. 

It is not eafy to determine the quantity of fridtion 
that was in the plug frame, but that has alfo been 
reduced to T " T by the application of feveral rollers 5 
inches diameter, whofe pevets are JL inch diameter, 
on which it now moves. But it is evident that a 
power =3 440 JL has been faved by changing the 
pofition of the axis of the leaver ; and a power of 
421 pound 6 ounces by reducing the quantity of 
fridtion in the pevets. 

The vifible effedl, with refpedt to the working of 
the engine, according to the moft exadt obferva- 
tions by different perfons, both before, and after 
thefe feveral alterations were made, is, that it 
now makes 18 ftrokes at 8 feet per ftroke, for 15 

Y 2 that 
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that it ever made, with the fame, or rather a fmaller 
quantity of fuel ; and muft therefore difcharge ^ 
more water in equal time; which confequently faves 
4. of the fueL But the effedt is found Hill greater, 
as to fupplying the tenants with watery for the en- 
gine performs the fame fervice better now in 5 hours, 
than ever it did before in fix : which can only be 
accounted for, by the extraordinary regularity of its 
ftroke, which does not abate of it's full length fud- 
denly, as it ufed to do, when the ftrength of the 
fire abated : this I take to be occasioned in a great 
meafure, from placing the axis above the leaver, by 
which the center of gravity becomes reverfed to 
what it was before; fo that it requires the fame 
power to keep the end of the leaver deprefled as low 
as the fprings, that it required before to bring it back, 
when fo much deprefled; which is a particular be- 
nefit; for the flop, or fett, generally in large engines, 
when the ends of the leaver come to the fprings, is 
a defed that has been endeavoured to be remedied 
in fome degree, by the help of the fprings. But 
when the axis is placed above the leaver, and the 
fri&ion reduced,, as in fig. 4, if one end is brought 
down to the fprings, and let to return, it carries the 
other end down to the fprings without any affiftance, 
and will continue to do fo feveral times, abating 
fome what of the length of the ftroke, each time. 

This engine, from feveral improvements that have 
been made in the boyler, confumes but 4 bufhels of 
coals in an hour; which is deemed 4. lefs than others 
of equal bignefs; and it performs the fame work 
how in 20 hours, that it did before in 24 hours, it 
is a faving, in effed, of 16 bufhels in 24 hours, a- 
4 mounting 
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mounting to 162 chaldrons m a year's eonftant work; 
which is a very considerable article, even where coals 
are to be had at a cheap price. 

It may be proper to obferve that the arch'eads C 
of the leaver, muft be drawn from the center of the 
fmatll part b of the pevet, which turns on the qua- 
drants. The quadrants and frame muft be made 
fufficiently ftrong, which I had made of caft iron. 
The pevets of the quadrants are made of tempered 
fteel, and turned true. There are four pillars G in 
the back plate of the frame, with fhoulders, and 
ftrong fcrews, which pafs through the fore plate, and 
are fcrewed tight by a nut /, wherj the quadrants are 
placed in the frame. 

The back plate E (fig. 4.) of the frame, is longer 
than the fore plate F, in order to admit the iron bolts 
G at each end ; by which the frame is fcrewed to a 
wooden block. The edges of the frame reft on a 
broad plate of iron, laid on a level board; upon 
which the blocks and frames are placed, and bolted 
down in the ufual manner. The holes that the pe- 
vets of the quadrants turn in, are made in fquare 
pieces of brafs e f riveted for the purpofe into the frame 
plates* 

The round part b> of the axis B, fig. 4, is made 
of hardened fteel, and the edges g of the quadrants 
are alfo of the fame metal ; otherwife the very great 
weight they fuftain, would make a deep impreffion 
in that part. There are two fprings, h h\ to each qua- 
drant, which keep them in their proper places, and 
yield eafily to the motion of the quadrants. 

There was great care taken to make the frame 
fquare, and place the quadrants upright and level $ 

and 
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and alfo to place the leaver exa&ly in the center. By 
which means there has been no alteration required 
fince they were firft fixed $ and the engine continues 
to work as even* and true as it is poffible. 

I have applied wheels for reducing fri&ion to Coins 
other engines with great advantage, which I fliall 
take the liberty of laying before the Royal Society 
fome other time ; and fear I have trefpaffed too much* 
on their patience already by this long detail. 



XXIX. The Difference of Longitude between 
the Royal Obfervatories of Greenwich and 
Paris, determined by the Obfervations of 
the Iran/its of Mercury over the Sun in the 
Years 1723, 1736, 1743, and 17$$ z By 
James Short, M. A. F.R.S. 

Read June 2, TT will, no doubt, appear furprizing, 
l?6h jL that * & ou ! d attempt to determine the 
difference of longitude between two of the moft ce- 
lebrated obfervatories in Europe \ and in which fome 
of the greateft aftronomers, that ever lived, have, 
for above eighty years, been conftantly obferving 
the .motions of the heavenly bodies : yet it is moft 
certain, that, to this day, we are ignorant of the faid 
difference of longitude: the Englifh aftronomers 
reckoning it to be = 9' 20", and the French fet~ 
ting it down at 9' 10", which, they tell us, was 

found 



